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The purpose of this work vras to stu.y ine effeets of
temperature and emitiante on the relative rmagnicuic o reflecied cnerg, anl
emttter cnergy from a target tncludivg atriospheri: o cets. From ihe
caleuwlations of encrgy reflected and miticd from o target including atmo-
spheric effects using LOVTRAN 3 program for Micdla:iiude Sweuier model, the
following conclusions were obtained: At 3.5wm, g (encorgy emitéicd by a targel/
energy reflected from it) <<1 cxecept at righ terperatures aud jor high cmii-
tance. At dum, qis of the order of magnitude =1 for rost targets. At 4.6wn,
q >> 1 at high temperatures and high emittianec. In qldition, tneidont atmo-
spheric cmission reflected from the target was jow:d to be negligible cxocp:
for targets having low terperature and low cmittance. Proviowsly acquired
field spectroradiormetric data on soils in 4 to 1<uww vere “ued to agrec
elosely with the thcoretical calculations of reflceted and cmitted encrgy.
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The purpose of this work was to study the effects of tem

" perature and emittance on the relative magnitude of reflected
.energy and emitted energy from a target including atmospheric
effects. From the calculations of energy reflected and emit-
;ed from a target including atmospheric effects using LOWTRAN
3 program for Midlatitude Summer model, the following conclu-
51c1s were obtained: At 3.5 um, q (energy emitted by a target/
enetgy reflected from it) << 1 except at high temperatures :nd
for high emittaace. At 4 um, q is of tle order of magni-ude=1
for most targets. At 4.6 um, q >> 1 at high temperatures and
high emittance. In addition, incident atmospheric emission re-

flected from the target was found to be negligible except for

targets having low temperature and low emittance, Previously
iacqun'ed field spectroradiometric data on soils in 4 to 14 pm
were found to agree closely Wlth the theoret1cal calculations

of reflected and emitted energy. - : i
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L""‘“'ﬂi‘e‘“purpos«\.“‘bf*t:hi‘s“wo::k"wass"ta“study‘the effects of tem‘*
perature and emittance on the relative magnitude of energyre-
flected and energy emitted from a natural target, taking into ;
account atmospheric effects. In addition, previously acquired i
spectroradxometrxc data vere compared with the theoretxcal
calculations. YOU & nf P OViaaiiedt abid

3 -
. ?

. Determination of Atmpspheric Transmittance e l
] . -
f A literature review of the techniques for deterwining -
transmittance of the atmosphere was done. There have been in—
“numerable investigations from which methods arc derived for
‘calculating atmospheric transmittancel. However, most of these
are espec1ally designed for a SLngular purposc and not d1rect—
ly useful to .the general communlty of persons interested in
solving atmospheric transmittance problems. The :general cate— .
gories of calculations of atmospheric transmittance are: the
direct integration or line-by-line method, the empirical meth- —_
ods using one or two parameters and the multiparameter analyti-
cal methods. Even with the time-saving approximations applied
‘to the line-by-line calculation, the costs are oftenexcessive.
In addition, line-by-line calculation gives quite accurate re-
'sults; however. considering the magnitude of errors and uncer-
}ainties involred in the multispectral scanner (MSS) data ap-
plicable to ea-th resources, such accuracy ‘s really not re-
*quired. Out of “hese categories, empirical methods are most
suitable for correcting MSS dataapplicable to earth resources.
Out of the empircical methods investigated, LOWTRAN 3 program2
developcd by t“» Airforce Geophy51cs Laboratories (formerly
i A1r£oxce Cambr:ige Research Laboratories) was found to be the
most suitable for our purpos¢. The LOWTRAN 3 programis strict—
1y empirical and calculates thé tramnsmittance (averaged over a
0.014 ym interval) for a given atmospheric path from sea level
‘to_100 km in the wavelength range 0.25 to 28.5 ym for six mod-
e13 atmospheres (1962 U.S. Standard Atmosphere, Tropical
(15o N), Midlatitude Summer (45 N, July), Midlatitude Winter
(bS N. Januarv), Subarctic Summer (60° N, July), and Subarc-
nc Wintex (60° N, January)and two aerosol m)dels based on measure-
ments of continental aerosqls under moderate v1qxb111ty condi-
‘tions ( 5 km and 23 km at sea level). This program is reason-
'ably accurate, user oriented, computationally very efficient, -
well documented and revised by Airforce Geophysics Laborato-
‘ries at rcgular periods of times based on recent laboratory
‘measurements and theoretical calculations. Aggregatemcthod de- -
'veloped by the Environmental Research Institute of Michigan is
!also suitable for our purpose but this method does not cover _
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theuvisible ‘wavelength region, ~is not well documented and is 1
computationally more time cousuming than the LOWTRAN 3 method.’
JOWIRAN 3 program accounts for wolecular absorption, woleculat
%eattcring. and acrosol extinction. Refraction and carth curva-
‘ture offects are also included. In addition to these model at-
uosphuxcs the user has the option of insoat:ng his own model
atnOSphcre (‘prC\fxcally dvxxyncd for dircct insertion of ra-
d\owundo data) or of building another model by combining vari-
ous piots of the siy standard madels. The main assumptions made
in the model are that the atwosphere can be represented by a
33 layer model, and that the average trausmittance over a !
20 en~ 1 fnterval (due to molecvlar absorption) can be |cpro-
"sented by a single parameter model of the form :

- } .

¥ u g, W) L !

i

’

P A S——

uhete C,, is a wavolcngth (nt wavenumber) dependent absorption
coof(|C\vnt'and Wt is an ' CQutvnlvnt absorber amount” for the-
atmospheric path, vhich is defined in teims of pressure, tem-
perature, concoutvation of abzorber and an empivicatl constant,
. The atmospheric constituents consideved ave vnifoimly mixed
gasres (CO., N_O, cu,, €O, and 02) nitrogen, water vapor, o=
rone and Wate vapox continuum, i

i
'
'

Method of Calculation and Results
Rxpcrimcntal calidrated dhln of Exotech Madel 20 ¢ spec-
tro\adiomgtct eseribed in the later pavt of the paper) on
coxrn plants tn“n duting summer of 1972 in the Nundue Universi-
ty Agrovomy Fo:oa, W Lafayette, Indiana were available, The so-
lar cucipy 1nc’acu( on the target was cal~ulated knowing the
zenith angle ol the sun at the time of acquiriag spectievadio-
motxxc data and applying corrections for atmospheric eftects
n%xny the LOWTRAN 3 program for the Midlatitude suiaer Model,
At%umlny diffu.c veflectance and emittance of the tavpet and
appl;lny Kivehho!('s Law, the energy reflected aud emitted
from the t tarpet was calxula(cd for ranges of terperature and e-
mittance of 230K to 330K and 0.20 to 0.90 respect ively at
3.5 um, 4 um and 4.6 um. The plot of ratieo ¢f the s=-lar energy
reflected from the tavget to the encrpy emitted by the target
(p) at 3.5 ym is plotted against temperature of the target in
P:g. 1. The fu\loutng conclusions are ohtntnod for most natu-
ral (a:yv s tn the (v“l”:atuxv ‘“‘°r2£l_Q‘F” uO C. ¥lh. 1
shows that the onvt;y veflected from a natura!  tavpet is con-
SldClnhl) more than the cnergy emitted by it. However, the en-
crgy vaitted by the taxbct cannot be neglected eompared to the
enerpy veflected from it except at extremely low tempevatuves
and for low emittance, Note that in Figs, 2 and 3, q (y=~1/p)
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r"'lplotted inétead of‘p‘as ‘in?Fig. 1. Fxg 12 shows' that both j
the cnergy reflccted as well as emitted from a target should
be taken into account at & um. This is why it is difficult to .
interpret aircraft and/or satellite data around this wave- '
length. Fig. 3 shows that although the energy reflected from a
target is smaller as comparcd to-the cnergy emitted from it,

the reflected energy:cannot be safely neglcctcd except at high
temperatures and high emittance. For a given tcmpctature and

cwittance, an enormous change in the value of p in Figs. 1

i
4!
i
To create an illustration ' of thc incident atmospheric

cmission reflected from the natural target, the downward spec-

. tral -radiance from a clear sky was calculated for the Mid-

latitude Winter Model at 8 um Fsing the following equation:

33

e mmem s e =SSl Tvpe wthin Solid Bleedd e - com - o o e
L () = ZL(A T,) e, () (V) '

1 R 18 .

. i=1 1 i y

| : | ;
where summation is done for 33 layers of Midlatitude Winter

Model

Lbb(x, Ti) = blackbody spectral radiance at wavelength A

and tempcrature T, :
N
[}

h .
'1‘i = tcmpcxatuxc of the xt layer of thé atmos-
phere ' !
: I N
S .th
r(x)it = transmission of the atmosphere from i

layer to ground ;
) = ui(l) [erghhoff Law where ui(x)==spcc—'

tral absorptanccl )
|

*(X) and al (\) were calculated using LOWTRAN 3 program,

Asqum:ng d1ffusc rcflectanco and emittance of the target and
applying Kirchhoff's Law, the incident atmospheriec emission
reflccted from the target and energy cmitted by nu‘targotkort
calculated for ranges of temperature and emittance of 230K to
330°K and 0.2 o 0.9 respectively, Fip. 4 shows a plot of q (radia-
tion emitted by the target to the incident atmospheric emission

reflected from the tavget) at 8 um vs, temperature of the tar-

‘get (T) for values of emittauce ranging from 0.2 to 0.9. It
shows that the incident atmospheric emission reflected fromthe
target can be neglected as couwpared to the energy cmitted by

'the target for most natural targets. However, for targets

nvxng low temperatures and low cmlttanc;, 1nc1dcnt atmospheric
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el ssion reflectedyErom. \tﬁeutarget may; not: ‘bersafelynegiected = B
Calcula:tons “of incident atmospheric emission for many model ! B

atmospheres 'in the thermal infrared wavelength region arebelng o
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As pointed out earlier, per1ously acquired Spectroradlo—
metric data on corn plants and soils,in the wavelength ranges”
2 8 to 5.6 ym and 7 to 14 um,were available for comparing the-.
oretlcal calculations with the experimental results®. These 2
_gxper1menta1 data were acquired by the Exotech Model 20-C E :J
spectroradiometer. The Exotech Model 20-C spectroradiometer is g <
a rugged field instrument which has four circular - variable - : g
f11ters to prov1de spectral resolution (AA/A)_ of approxxmately,' -
two percents’ . This instrument is 1dea11y suited to the rig~ N
ors of a field covironment, embodying sealed circuits for pro-
tect1on against dust and condensatlon, modular construction g |
podules for s1mp11f1ed malntenance and operational features § : {
to reduce the time necessary to secure data. The instrument ‘'
may be operated as two separate units: the short wavelength

A

KSWL) unit and the long wavelength (LWL) unit. In this study, f A7
,only the long wavelength unit (LWL) respomsive to radiation in ¥ ﬁ;
the wavelength -anges 2.8 to 5. 6 um and 7.0 to 14 ym was used. R - ti
this spectrorad,ometer has two remotely selectable fields of . - ﬁﬁ

views (F.0.V) - - 0.75° and 15°, In this study, the experimen— ° ,
al data was obtained with a F.0.V. of 15°, The Hi-Ranger mo-'; ‘
Plle tower was 1sed to lift the LWL head to about nine meters ! i

above the groun.. The control’electronics, recordlng equ1;mmnt

and other data recording instTuments are located in the in- 3 . 1
'Strument van. Further detailsZof the Exctech Model 20C spec-— § - & 1 'j
troradiometer are available in Robinsen et. al.® and Silva et.] . - SN

31.5 These data had been carefully calibrated in the field ;
condltlons. A data processing software system for calibrating | ]
spectral radiance and spectral radiance temperature of these : !

- .hata was available4, 6. i .1

G et w g e pwge

As pointed out ear11er, the solar energy 1nc1dent on the
arget at the time of acquiring spectroradiometric data was
calculated taking into account atwospheric effects using : : _ -
POWTRAN 3 program for Midlatitude Summer model, Calibrated d v
spectroradiomettic data on Russel) Silt Loam Soil taken during *

surmer of 1972 in the Purdue University Agronomy Farm, W.
Lafayette, Indiana were available.™ The contact temperature of
khe soil measured by precision thermistor thermometer at the
" ‘time of acquiring spcctroradlometrlc data was available4.. As-~
suming the soil_to.have.a diffuse emittance of 0.9, knowing ...
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thé”éontact ‘température”of the " soxl'"and“calculated ‘value of )
1nu1dent solar_energy, calculat1ons of energy reflected as well
) as emitted from the soil were done using Kirchhoff's law. i
se values are compared with the experimental results of the
spectrorad1ometer in Table 1. Table 1 shows that there is an ;
excellent agreement between -the experimental results and theo-
retical calculations;in the ;wavelength intervals 3.6 to 3.9 um
and 3.9 to 4.15 um, In 4.5 to 4.8 wm, 4. 8 to 5.1.ym and 5.1 to
5.4 ym, the theoretical calculations glve values a bit smallcr
_than the experimental results because the incident atmospheric.
.em1551on reflected from the soil was not included in the theo-
retical calculations. In addition, the spectral emittance cf -
the soil was not known and assumption of gray emittance of 0.9
. 1s questlonable. In 3.6 to 3.9 ym and 3.9 to 4. 15uu5 the 1nc1—
‘dent atmospheric emission reflected from the soil is expected
‘to be very small as compared to the solar energy reflected
lus- emitted from it, "and -thusSthere:is-.a close. agreement be-.

—

&3 M
R
P Y

+
tween the theoretical and experimental results in these wave-"!
length intervals. A | : i EA
[ o
The work présented here helps in understanding interac- {}
tion.of radiation with the natural targets. It has application o
o the general area of remote sensing of agriculture-and earth 21
~ resources for it gives an estimate of the relative magnitudes H

of energy refl:cted and emitted from a natural target. The au-
chor gratefully acknowledges the assistance of Dr. Celso de

Renna e Souza >7 Imstituto de Pesquisas Espiciais (INPE‘/CNPq) ) 51
for his assist:rce with this work. . , b1
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